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ABSTRACT: Colouring effluent from industrial activities may affect environment and 
human health.  Many methods have been used to decolourise such effluent. However, the 
applicability of electricity to treat colouring effluent was not well defined. This study was 
performed to investigate the behaviour of decolourisation of solution containing Azo Acid 
Orange 7 under the influence of electricity. This study was focusing on the effect of 
decolourisation due to current density, dye concentration and duration of current flow. 
Simple electrochemical cell was prepared by using iron and steel plate electrode. The 
effectiveness of this method to decolorized dye solution was determined by measuring 
percentage of absorbance removal. From this study it was shown that the electricity are able 
to decolorize Azo dye more than 88% when the duration was 18 minutes and current density 
was 120 A/m2. Thus proved that decolourisation was affected by the amount of current 
density, duration of electric current flow and concentration of the dye.  
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1. INTRODUCTION 
Colour is a visible pollutant and its presence not only hampers the aesthetic quality of surface waters but 
also affects and alters the aquatic ecosystem by reducing the penetration of light (Prabhakara et.al, 1990). 
The development of industry and improvement of human life, cause more and more dyes are used and 
needed. Based on report wrote by Japan Consulting Institute (1994), textile industry is the fifth major 
industry that become source of environmental problem (table 1.0). However, in term of colouring effluent 
textile industry is the largest industry discharging colouring effluent.  So it is important to studies 
treatment process that is efficient to reduce the colour in the effluent.  
 
Table 1: Industrial sources of water pollution 
Type of industry Percentage, % 
Palm oil 
Raw natural rubber 
Rubber and product 
Food and beverage 
Textile and leather 
Paper 
Chemical 
11.6 
8.6 
14.1 
40.5 
9.0 
4.4 
11.8 
Total 100 
(source : Environmental Quality report 1991) 
Highly colour dye wastewater, contain a large amount of chemical   (Qian and Gu., 1994). Various 
physical and biological techniques are applied to treat dye effluent to permissible discharge limit. 
Biological processes are the most inexpensive ones but pre-treatment are required to increased 
biodegradability. The most effective methods to treat such effluent are by using activated carbon or 
oxidation process, but the cost are really high ( N. Daneshvar et.al, 2004). As an alternative, electricity 
(ET) was used.  
The used of electricity in treating wastewater has been in existence for many years. It has been practiced 
since 20th century to treat wastewater but with limited success (N. Daneshvar et.al, 2004). ET process 
offer low cost for operating and maintenance, fast rate of pollutant removal, remove small particle, 
compact size of equipment and simplicity in operation (Ching Jun Lin et.al, 2005). ET has been tested 
successfully to treat others wastewater such as restaurant wastewater and urban wastewater. However, the 
performances of the ET method in treating textile effluent are not well defined. Due to that, this study was 
done to determine the behaviour of decolourisation of dye solution by using electricity under the influence 
of current density, duration of current flow and dye concentration. 
This study was using Azo dye because Azo are the largest class of dye used in textile industry (Zee, 2002) 
and it is constitute a major class of environmental pollutant (Tan and Gu, 2001). Furthermore, Azo dye 
can be toxic and potentially carcinogenic (Maarit et.al, 2000). This study was focusing in determined the 
behaviour of decolourisation of Azo Acid Orange 7 by using electricity under the influence of current 
density, duration of current flow and concentration of dye.  
2. MATERIALS AND METHODS 
The test was conducted by using plate steel cathodes and plate iron anode with size 50 mm x 50 mm x 1 
mm and distance between electrode was 3 cm. Artificial wastewater was prepared by mixing Azo acid 
orange 7 dye with discharged water. The concentration of the artificial wastewater was between 25 mg/l to 
200 mg/l. Volumes of artificial wastewater that was used for each test are 500 ml. Current density that was 
used between 40 A/m2 to 240 A/m2. The duration of current flow for each test were with in 5 to 25 
minutes, each stage required different sample. The initial and final absorbance for each sample were 
determined in order to determine the behaviour of decolourisation of the sample. The initial and final 
absorbance was determined by using UV/VIS spectrophotometer Jasco model 7800 to calculate the 
percentage of absorbance removal. Before measuring the absorbance, the samples were filtered by using 
vacuum filtration equipment to remove the flocs produced during ET process. The percentage of removal 
was determined by using the formula below: 
Absorbance removal (%) = Ao – A x 100    ..................... (1) 
                                                        Ao     
                                                                        
                       Ao = initial absorbance 
                        A  = final absorbance 
3. RESULTS AND DISCUSSION 
The first test carried out was decolourisation under the influence of current density (fig. 1.1). Based on the 
result of the test, the increment in current density also increases the percentage of absorbance removal. As 
shown in figure 1.1 an increased of current density from 40 A/m2 to 80 A/m2 yields an increased of 
absorbance removal from 17% to 74%. When current density increased, the efficiency of ion produced in 
anode and cathode also increases. Therefore, there is an increase in floc production in the solution hence 
an improvement in efficiency of colour removal.  Based on the graph the amount of current density that 
gave absorbance removal more then 80%  was 160 A/m2 (fig.1.4). 
Second test was decolourisation under the influence of duration. During the process, anode and cathode 
undergoes anodic and cathodic reactions. The releases of ions neutralize the particle charges and thereby 
initiate coagulation. Colour removal efficiency depends directly on the concentrations of ions produced by 
the electrodes. When the durations of current flow increases, an increase occur in ions concentration. 
Accordingly as shown in fig. 1.2, an increase of duration of current flow from 5 to 10 minutes yields an 
increase of absorbance removal from 11% to 72%. Based on the result, when the duration was 15 minutes 
the amount of  absorbance removal was 82%. From fig.1.2, to reach 90% decolourisation the amount of 
time required was about 18 minutes.  
In the third test, the amount of concentration used was 25 mg/l to 200 mg/l. The higher the concentration 
the hardest for it to be remove.  Based on fig. 1.3, the percentage of  absorbance removal was decreasing 
when the concentration was increasing. Up to concentration 100 mg/l the rate of  absorbance removal was 
higher then 60%. However, beyond this concentration the rate of decolourisation was decreasing.  
Based on previous test 100 mg/l had been chosen as a fixed concentration for further test. Further test was 
required, in order to ensure the value of current density and duration obtained previously able to give more 
then 90% absorbance removal. The range of current density used for this test was from 120 A/m2 to 240 
A/m2.  From the result, the percentage of absorbance removal  was more then 90% for each range of 
current density, this proved that the range of current density used was suitable. When the concentration 
was less then 100 mg/l the percentage of absorbance removal was higher compare to 100 mg/l 
concentrations because the amount of dye was less. Based on fig. 1.4 the percentage of absorbance 
removal was increasing when the current density was increasing, but it still not able to achieve 100% 
absorbance removal.  
From the result, the percentage of absorbance removal was more then 90 percent, so this proves that the 
range chosen for current density and duration from previous laboratory work was suitable to remove Azo 
acid orange 7 from the solution. Based on the result, percentage of absorbance removal was increasing 
from 18 to 22 minutes. The trend of the result obtained was shown in fig. 1.5. However, after 22 minutes 
the percentage of absorbance removal become constant, this showed that if the duration was still 
increasing the percentage of  absorbance removal were still the same During all the process brownish floc 
was form and floating at the surface of reactor, thus proves that electricity cause electrocoagulation 
process to occur.   
 
Figure 1.1:  Percentage changes of absorbance removal to current density with 10 minutes duration, 50 mg/l 
concentration of Azo acid orange 7, 500 ml volume of sample, 100 rpm rate of stirrer, 3 cm distance between 
electrode, plate steel cathodes and plate iron anode with size 50 mm x 50 mm x 1 mm. 
 
 
Figure 1.2:  Percentage changes of absorbance removal to duration with 80 a/m2 of current density, 50 mg/l 
concentration of Azo acid orange 7, 500 ml volume of sample, 100 rpm rate of stirrer, 3 cm distance between 
electrodes, plate steel cathodes and plate iron anode with size 50 mm x 50 mm x 1 mm. 
 
 
Figure 1.3:  Percentage changes of absorbance removal to concentration with 10 minutes duration, 80 A/m2 of 
current density, 500 ml volume of sample, 100 rpm rate of stirrer, 3 cm distance between electrodes, plate steel 
cathodes and plate iron anode with size 50 mm x 50 mm x 1 mm. 
 
 
Figure 1.4:  Percentage changes of absorbance removal to current density with 18 minutes duration, 
100 mg/l of concentration, 500 ml volume of sample, 100 rpm rate of stirrer, 3 cm distance between electrode, plate 
steel cathodes and plate iron anode with size 50mm x 50 mm x 1 mm 
 
Figure 1.5:  Percentage changes of absorbance removal to duration with 160 A/m2 of current density, 100 mg/l of 
concentration, 500 ml volume of sample, 100 rpm rate of stirrer, 3 cm distance between electrode, plate steel 
cathodes and plate iron anode with size 50 mm x 50 mm x 1 mm. 
 
4 CONCLUSION 
Current density, duration of current flow and concentration of dye does affecting the decolourisation of 
Azo dye. When the duration of current flow was increasing the percentage of absorbance removal was 
increasing. This proved that duration does affecting the decolourisation of Azo dye. However, the most 
suitable duration to be used in order to achieve more then 88% of absorbance removal was 18 minutes. 
When the current density was increased the amount of absorbance removal was also increased.  160 A/m2 
of current density was the most suitable value to achieve 88% of absorbance removal. The efficiency of 
decolourisation for 100 mg/l to 200 mg/l concentration was able to increase up to more 95% of colour 
removal and more than 88% of absorbance removal when duration was 18 minutes and current density 
was 120 A/m2. 
5. References. 
Ching Jung Lin et.al (2005). Pilot-Scale electrocoagulation with bipolar Aluminum Electrodes for On-site 
Domestic Greywater Reuse. Journal of Environmental Engi-neering  (ASCE). 131. 491-495 
J.J van der Zee(2002). Anaerobic azo dye reduction, Doctoral thesis, Wageningen    University, 
Netherlands.  
Maarit Heikkila Pauli Ollikka and Ilari Suominen (2000). Decolourisation of Azo dye Crocerien Orange 
by phanerochate chrysosporium ligning peroxidases. Doctorial thesis. Deparment of Biological and 
Environmental Science of University of Jyvaskyl. Findland   
N.Daneshvar, H.Ashassi Sorkhabi and M.B Kasiri (2004). De-colourisation of dye containingacid red 14 
by electrocoagulation with comparartive investigation of different electrode connections. Journal of 
Hazardous Material. B112. 55-62. 
Prabhakara, A.V.S, Iyengar, L. and Karthikeyan, J. (1990). Removal of colour from distillery 
wastewater. Purdue Industrilal Conference Proceeding. 44. 787-794. 
Qian Yi and Gu Xiasheng (1994). A way for water pollution control in Dye Manufacturing Industry. 
Purdue industrial Waste Conference. 49. 771-775. 
R. Abraham and H.S. Freeman (1996). Environmental chemistry of dyes and pigments. Canada: John 
Wiley & Sons. Inc.  
Tan and N.C.G, (2001), Intergrated and sequential anaerobic/aerobic bio-degradation of azo dyes, 
Doctorial thesis, Wageningen University, Netherlands 
